Oncosurgery is an emerging branch with the set goals of prolonging the life and ensuring the best possible quality of life to the surviving patient. The use of harmonic scalpel has proved to be beneficial in a variety of surgeries but its role in breast surgery is still controversial. Aims: We conducted this study to compare the intraoperative and postoperative outcomes in modified radical mastectomy using harmonic scalpel versus electrocautery. Subjects and Methods: Fifty female patients with confirmed diagnosis of breast carcinoma and planned for modified radical mastectomy were taken up for surgery. Twenty-five patients were operated using harmonic scalpel (Group A) and another 25 were operated using unipolar cautery (Group B). Results: The mean operative time was significantly longer with harmonic scalpel when compared to that with electrocautery (140.40 ± 29.96 vs. 99.80 ± 24.00 min, P < 0.001). The smaller amount of drainage content (431.60 ± 145.94 vs. 594.20 ± 278.63, P = 0.013) and intraoperative blood loss (426.00 ± 76.54 vs. 502.00 ± 104.56, P = 0.005) in the group operated with the ultrasound harmonic scalpel was statistically significant. There was no significant difference between the groups with regard to drain duration (5.24 ± 0.97, P = 0.127), seroma (12% vs. 16%, P = 0.684), hematoma (4% vs. 4%, P = 1.000), wound infection (24% vs. 32%, P = 0.529), flap necrosis (8% vs. 28%, P = 0.066), pain intensity (measured on visual analog scale) (5.08 ± 1.29 vs. 5.20 ± 1.68, P = 0.778), and lymphedema (4% vs. 8%, P = 0.552). The length of hospital stay could not be compared effectively because all the patients were discharged on the 10 th or 11 th postoperative day. The cost of the equipment used in the electrocautery group was almost negligible as compared to the harmonic group. Conclusions: The use of harmonic scalpel versus electrocautery is somewhat advantageous but not cost-effective.
Introduction

B
reast cancer is the most site-specific cancer in women. [1] For patients who present late, radical mastectomy does not offer any advantage in terms of survival or cure. It only increases morbidity and decreases quality of life (because of "mutilation"). For patients who present early, modified radical mastectomy is the treatment of choice. [2] The main goals of cancer diagnosis and treatment are (i) to cure or considerably prolong the life of patients and (ii) to ensure the best Department of Surgery, Government Medical College and Rajindra Hospital,practice nearly a decade ago in an effort to minimize the risks of traditional electrosurgical technologies, local peripheral energy damage, and potentially devastating complications associated with monopolar energy. [5] The harmonic scalpel denatures protein by ultrasonic vibration at a frequency of 55,500 Hz with a vibratory excursion of 50-100 µm. [6] In a study by Galatius et al. , [7] no significant difference was found in terms of operative time, intraoperative bleeding, and wound complications using both techniques.
In contrast, the study by Sanguinetti et al. [8] showed the benefits of the use of ultrasonic scissors compared to electrocautery. As literature is unclear about the best modality of raising the flaps in modified radical mastectomy, the main objective of this study was to evaluate the advantage of the harmonic scalpel in modified radical mastectomy in comparison with the traditional use of electrocautery (diathermy) for intraoperative and postoperative outcomes.
Subjects and Methods
Data source
Fifty female patients with confirmed diagnosis of breast carcinoma and planned for modified radical mastectomy were taken up for surgery.
Inclusion criteria
• Fine-needle aspiration cytology (FNAC)/ biopsy-proven operable breast carcinoma (primary or postneoadjuvant chemotherapy) female patients of all age groups, undergoing modified radical mastectomy with axillary lymph node dissection • Tumor size >4 cm • Patient who was not a candidate for breast conservation surgery (multicenter or diffuse tumor, tumor size >4 cm, large tumor in a small breast, patient preference) • Positive margins after breast conservation surgery. A detailed history of the patient was taken and a complete clinical examination of the patients was carried out. The clinical information such as age of the patient, age of menarche, age of menopause, parity of the patient, presence of any comorbidity such as diabetes mellitus and hypertension, size of the tumor, and presence of lymph nodes was recorded.
Exclusion criteria
All the patients underwent routine investigations, liver function tests, chest X-ray, and ultrasound of the abdomen. Diagnosis was confirmed by FNAC or trucut biopsy or incisional biopsy.
Informed consent was obtained from all the patients before surgery. Preanesthetic and medical fitness was assesed. Patients were enrolled into two groups by random selection; the first group (Group A) included 25 females who underwent modified radical mastectomy using harmonic scalpel (Ethicon Endo-Surgery, Inc., NJ, USA) and the second group (Group B) consisted of 25 females who underwent modified radical mastectomy using conventional electrocautery (unipolar cautery) by the same team of surgeons having an experience of at least 6 months of using both the harmonic scalpel and diathermy. It was done to rule out any learning curve if involved, in the use of harmonic scalpel as compared to cautery.
Operative procedure
The operative procedure was conducted under general anesthesia. The time of starting of the surgery was noted. After the patient had been cleaned and draped, a skin incision was made with a conventional scalpel.
In Group A, the harmonic scalpel was used to raise skin flaps and carry out dissection of the breast tissue defined by the pectoralis major muscle below the clavicle superiorly, margin of the sternum medially, inframammary fold overlying the rectus abdominis inferiorly, and serratus anterior muscle to the latissimus dorsi muscle laterally. The instrument was also used to perform axillary dissection. Clavipectoral fascia was incised. The axillary vein was exposed. Only vessels larger than 5 mm in diameter were ligated with suture tie. A plane of dissection was created along the inferior border of the axillary vein, and all the fat, lymph nodes, and blood vessels were dissected off the axillary vein towards the breast. All axillary vein tributaries and artery branches directed towards the breast and pectoralis major muscle were ligated by the device. The thoracodorsal vessels and nerve and the long thoracic, subscapular nerves were identified and preserved.
In Group B, the whole procedure was performed using diathermy for both cutting (pure mode) and coagulation (fulguration mode), except for ligation of blood vessels bigger than 5 mm or when deemed necessary. The 2-0 silk sutures were used for vessel ligation. Two closed suction drains were placed: one in the axilla and the other on the chest wall. The skin was approximated using staples or sutures. Antiseptic dressing was done.
Operating time, considered as the time elapsed between the first incision and the last suture stitch (measured in minutes), was noted. Intraoperative blood loss was estimated by calculating the amount of blood in the suction apparatus. Daily drainage was recorded (in ml). The drains were removed when the drainage amount was <30 ml/24 h. The drain on the chest wall was removed earlier than the one in the axilla. The duration of the drain (in days) was noted. The patients were given a stat dose of injection diclofenac sodium 75 mg through intramuscular route immediate postoperatively, followed by tablet diclofenac orally afterwards. Postoperative pain intensity was measured in every patient with a visual analog scale (VAS) by the end of the first 24 h. The patient marked a vertical line on a horizontal line marked "0" on the left side and "10" on the extreme right. Zero (0) indicated no pain and 10 indicated extreme pain.
The wound was inspected on day 2 of the postsurgery. Postoperative complications, which included seroma, hematoma, wound infection, flap necrosis, and upper limb lymphedema, were evaluated during the hospital stay and at follow-up. The patients were encouraged to ambulate early and begin arm stretches.
In the study, all patients with seroma formation settled down by multiple aspirations, with pressure bandage or open drainage within 1 month.
The patients with flap necrosis and wound infections were treated with antiseptic dressings, systemic and local antibiotics, and debridement. Wounds were later closed by secondary suturing. The patients with wound infection were treated with antibiotics according to culture and sensitivity reports and with sterilized daily dressing. As hematoma usually occurs as a result of improper hemostasis, it was avoided by fixation of flaps and suction drainage. The duration of hospital stay after surgery was noted. Figure 1 illustrates the consort flow diagram of the patients who participated. The follow-up of the patient was carried out till 1 month postsurgery.
A comparison was carried out between the two groups considering operative time, intraoperative blood loss, drain volume, drain duration, and incidence of postoperative complications such as seroma, hematoma, wound infection, flap necrosis, pain, upper limb lymphedema, length of hospital stay, and cost of the equipment used. All the data were recorded and analyzed statistically. An unpaired two-tailed Student's t-test was used to compare two arithmetic means. c 2 -test was used to compare two proportions or percentages. P < 0.05 was considered statistically significant.
Results
In this study as cited in Table 1 , maximum number of patients (62%) were in the age group of 40-59 years.
On the basis of these statistics, it can be said that women of the middle age group are at a higher risk of developing breast cancer. In the present study, the mean age of the patients in harmonic scalpel group was 50.36 ± 11.04 years and electrocautery group was 52 ± 11.19 years, which was in concordance with some of the studies [9, 10] as mentioned in Table 2 .
Four percent of the patients were recorded with diabetes mellitus both in harmonic scalpel and electrocautery group. Incidence of hypertension in harmonic scalpel group was 12% and electrocautery group was 16% [ Table 3 ].
The mean operative time was significantly longer in the group in which harmonic scalpel was used compared to that in which electrocautery was used [ Table 4 ]. The smaller amount of drainage content and intraoperative blood loss in the group operated with the ultrasound harmonic scalpel was statistically significant. There was no significant difference regarding drain duration. There was no significant difference regarding seroma, hematoma, wound infection, pain intensity measured (on VAS), and lymphedema between the groups [ Table 5 ].
Although the incidence of flap necrosis was less in harmonic scalpel group than in electrocautery group, the difference between the two groups was not statistically significant. Postoperative flap complications resulted in prolonged hospital stay. The cost of the cautery pencil was almost negligible (Rs. 150) as compared to the harmonic ace (Rs. 30,000 approximately). 
Discussion
Safety, efficiency, complications, recurrences, cost, and acceptance from the patients are the factors determining the success of a surgical procedure. Acceptance from the patients is determined by postoperative pain, length of hospital stay, and recovery rate as well as complications. [11] Hence, our experience regarding the use of harmonic scalpel versus the traditional use of electrocautery (diathermy) in modified radical mastectomy for intraoperative and postoperative outcomes has been discussed taking into account the various parameters.
In this study, the mean age of the patients who underwent modified radical mastectomy was 51.18 years, which was in concordance with some of the earlier studies. [9, 10] Our study showed the higher incidence of breast carcinoma in middle-aged group. Siddiqui et al. [12] and Baloch and Iqbal [13] also found the disease to be most common in middle-aged patients (40-59 years). This can be explained by the fact that breast cancer is a heterogeneous malignancy; its age-specific incidence profile rises exponentially until menopause and increases more slowly thereafter. [14] The mean operative time in our study was significantly longer using harmonic scalpel (140.4 vs. 99.8 min, P < 0.001). Our results were in contrast to the study conducted by Kiyingi et al. [15] and Huang et al., [16] which showed no statistically significant difference. Our results were also similar to the study conducted by Rohaizak et al. [17] and Khan et al. [18] Rohaizak et al. [17] said that this could be explained by the lack of experience in using the ultracision. Böhm et al. [19] conducted similar study that exposed the surgeon to the technique for 5 months before the study and managed to show no significant difference in operating time between ultrasonic surgery and conventional device. Our study showed longer operative time using harmonic scalpel inspite of prior training.
We infer that the harmonic scalpel takes slightly longer than cautery to divide the tissue as it cuts and coagulates at the same time. This calls for patience and avoidance of undue traction on the surgical specimen, which is almost instinctive reaction to the slower rate of cutting. [20] Our study revealed that the use of the harmonic scalpel significantly reduces intraoperative blood loss (426.00 ± 76.54 vs. 502 ± 104.56, P = 0.005). This is in agreement with most of the studies, for example, by Deo and Shukla, [9] Kozomara et al., [21] Khan et al., [18] and Huang et al. [16] The harmonic scalpel provides a better hemostasis with less lateral thermal injury; thus, [9] 51±11 50±10 Khater (2010) [10] 54.47±7.57 56.27±9.05 undesirable injury is avoided when it is used, resulting in lesser intraoperative blood loss. [22] Drains are placed to help check complications such as hematoma, seroma, and flap necrosis as a result of sequelae to seroma. Electrocoagulation causes sloppy lymphostasis and hemostasis and increases morbidity by severing and thermically injuring lymph pathways as well as by forming hematoma. [23] The harmonic scalpel, on the other hand, generates ultrasonic energy, which causes a breakage of hydrogen bonds and formation of denatured protein coagulum, thus sealing off the vessels and lymphatics and resulting in decreased blood loss and lymphatic drainage. [9] Moreover, the inflammatory reaction in the operative field is reduced, less lymphatic tissues are injured, and less oozing surface is produced in the operative field. [22] All these factors contributed in reducing the postoperative drainage volume in our study.
A statistically insignificant difference was found in relation to drain volume, which is contradictory to results by Deo and Shukla, [9] who showed significant lowering of drain days in harmonic scalpel group. Studies by Khan et al. [18] and Huang et al. [16] also showed significant difference in drainage volume. The drain volume curve was steeper in case of electrocautery group compared to harmonic scalpel group.
Our study showed that the harmonic scalpel decreases the rate of occurrence of seroma than electrocautery (12% in harmonic scalpel group vs. 16% in electrocautery group); however, the difference was statistically insignificant. Porter et al. [23] found that the use of electrocautery was significantly associated with increased seroma formation in a randomized controlled trial. As the difference in drain volume was significant among the two groups, the study showed comparable results in relation to seroma formation, which might have been prevented due to the placement of drains in every single case. Thus, it can be concluded that harmonic scalpel can effectively occlude lymphatic channels.
In our study, 4% of patients were reported with hematoma in both harmonic scalpel and electrocautery groups. The difference between the two groups was statistically insignificant (P = 1.000). However, intraoperative blood loss was significantly less in case of harmonic scalpel group, proving its effective hemostasis.
This study showed statistically insignificant value in terms of incidence of wound infection between the groups. Similar results have been shown in studies by Kozomara et al., [21] Ribeiro et al., [24] and Rohaizak et al. [17] Infection was more common in patients who developed seroma, hematoma, or flap necrosis.
Flap necrosis either develops as sequelae to continued abnormal vascularity or develops primarily. [25] The seroma may become infected and cause flap necrosis. [26] Very thin flaps tend to develop necrosis; therefore, one should try to raise the flap with an approximately 0.5 cm thick layer of subcutaneous tissue. In our study, flap necrosis was found in 8% patients in harmonic scalpel group and 28% patients in electrocautery group; however, the P value between the groups was 0.066, which was not statistically significant. Hence, from this, we can infer that the ultracision causes lesser thermal tissue injury, leading to lesser chances of flap necrosis. However, in a study by Huang et al., [16] a significant difference was observed in terms of wound complications between the two groups.
At 24 h, VAS score of Group A was compared with that of Group B. The value was not statistically significant and was similar to that shown in the study by Kozomara et al. [21] In a study by Khater, [10] P < 0.001 (highly significant) indicated statistically significant lower pain in the harmonic group. This was due to the minimal lateral thermal damage observed with harmonic scalpel in comparison with electrocautery, resulting in less irritation to pain nerve endings. [10] This contradiction in results can be because pain estimation is subjective and varies from patient to patient.
The hospital stay was counted from the 1 st postoperative day. In this study, the length of hospital stay was not reduced as most of our patients were discharged after the first cycle of adjuvant chemotherapy, probably the 10 th or 11 th postoperative day as per our unit protocol. Hence, the length of hospital stay could not be compared effectively in our study.
The difference in the incidence of lymphedema between the two groups was not statistically significant (P = 0.552). However, these results should be carefully evaluated as lymphedema takes longer time to develop after surgery. One limitation of our study is its shorter period of follow-up, so we cannot comment on the frequency of lymphedema in both the groups.
Conclusion
Ultracision in comparison to electrocautery is somewhat but not fully advantageous and miraculous. No doubt it causes effective hemostasis and lymphostasis, but its use in modified radical mastectomy is still not cost effective and so,not recommended to be used in countries where cost is a major concern.
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